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M-mode echocardlographic measurement of left ven-
tricular fractional shortening and meridional wall stress
has been used extensively alone and in combination to
describe left ventricular systolic function. To determine
whether the improved dimensional information afforded
by two-dimensional echocardiography might result in
shortening and stress calculations yielding a different
view of left ventricular function, we compared two-di-
rnensional and M-mode echocardiograms in 69 subjects
(19 normal, 13 with aortic stenosis, 22 with aortic re-
gurgitation and 15 with congestive cardiomyopathy).
Fractional shortening was greater with M-mode than
with two-dimensional echocardiography in all subjects,
especially in ' those with cardiomyopathy (p < 0.05). In
aortic stenosis, two-dimensional shortening, at 24 ± 5%,
was reduced (p < 0.05 versus normal), but M-mode
shortening, at 34 ± 5%, was not. M-mode estimates of
meridional stress were higher than two-dimensional val-
Left ventricular wall stress, as the load opposing ejection,
is commonly used alone or in combination with shortening
to describe systolic function (1-3) . Because determinations
of both variables are influenced by cardiac architecture, their
value rests on the accuracy of the dimensional information
empl oyed in their calculation.
Although wall stress was originall y derived from angio -
graphic data (4), substantial literature exists using M-mode
echocardiographictechniques. However , becau se the long
axis is not visualized, circumferential stress, or the more
important load opposing ventricular emptying , cannot be
determined. Two-dimensional echographic methods do pro-
vide long-axis information but have not been systematically
compared with the older, more widely used M-mode tech-
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ues, again especially in cardiomyopathy. Two-dimen-
sional echocardiography enabled determination of long-
and short-axis ratios, circumferential stress and the ratio
of circumferential to merldienal stresses. Circumfer-
ential stress was elevated in aortic stenosis at 302 ± 65
x 103 dynes/em", suggesting afterload excess as the cause
for the observed reduction in two-dimensional short-
ening. The more spherical cardiomyopathic hearts had
a meridional to circumferential stress ratio closer to I,
such that use of meridional stress alone would overes-
timate effective afterload.
It is concluded that M-mode and two-dimensional
echocardiographic analyses of left ventricular shortening
and stress produce different results. Two-dimensional
echocardiographic methods may enhance the assessment
of ventricular function, especially in patients with aortic
stenosis and cardiomyopathy. .
(J Am Coli CardioI1987;9:945-SI)
nique. Further, our previous findings of disease-related dif-
ferences in the description of left ventricular geometry by
the two techniques (5) suggest that calculations of stress
and shortening might be importantly affected.
The present study compares the results of conventional
M-mode echocardiographic measures of shortening and wall
stress with those obtainable by two-dimensional echocar-
diographic methods in normal , pressure-loaded, volume-
loaded and myopathic left ventricles. We also sought to
determine if the additional information available using two-
dimen sional echocardiography for calculation of circum-
ferential stress and cavity shape alters our assessment of left
ventricular function .
Methods
Study patients. M-mode and two-dimensional echocar-
diograms were performed in 69 SUbjects. There were 19
normal volunteers, without historic or echocardiographic
evidence of cardiac disease, including II men and 8 women
with a mean age of 28 years (range 25 to 35). Among 50
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subjects with heart disease recruited from a clinical echo-
cardiographic laboratory there were 13 with catheterization-
documented critical aortic stenosis (8 male, 5 female; mean
age 64 years, range 39 to 82); 22 with pure 3 to 4 + aortic
regurgitation (18 men, 4 women; mean age 35, range 18 to
55); and 15 with congestive cardiomyopathy who were in
functional class III or IV (8 men, 7 women; mean age 54
years, range 28 to 71). Because of the differing age range
in each of the patient groups, a single group of normal
subjects could not be matched to all patient groups simul-
taneously. Instead, normal subjects were similar in age to
those with aortic regurgitation.
All subjects with aortic stenosis underwent cardiac cath-
eterization to determine hemodynamics and exclude the
presence of coronary disease, significant aortic regurgitation
and mitral valve disease. Subjects with aortic regurgitation
or cardiomyopathy had no historic, physical, electrocardio-
graphic or echocardiographic evidence of ischemic heart
disease, other valvular disease or segmental contraction ab-
normalities.
M-Mode echocardiography. M-mode echocardiograms
were performed using either a Varian 3000, two-dimen-
sionally guided echocardiograph (68% of subjects) or a
SmithKline Ekoline echocardiograph (stand alone, 32% of
subjects) and either 2.4 or 2.25 MHz transducers at 50 mm/s
paper speed. M-mode data obtained from stand-alone equip-
ment and obtained using two-dimensional guidance showed
similar relations to two-dimensional results; therefore all M-
mode results were analyzed as one group. Left ventricular
images were evaluated at the chordal level just below the
mitral valve leaflet tips when simultaneous visualization of
septum and posterior wall was optimal. Three to five cardiac
cycles were measured at end-diastole, taken at the R wave
peak, and at end-systole, taken at maximal posterior wall
excursion. To maintain comparability with the great ma-
jority of published data (1,3,5-8) we used American Society
of Echocardiography methods for dimensional measure (9).
Posterior wall thickness was measured from leading edge
of the endocardium to leading edge of the epicardium, and
left ventricular internal dimension was determined from the
trailing edge of the left septal echocardiogram to the leading
edge of the posterior wall endocardial echocardiogram.
Measurements were performed on a Hewlett-Packard 9821
programmable calculator interfaced to a high resolution dig-
itizer (resolution 0.01 inch [0.025 cm]). Meridional stress
was calculated as (TIm = 0.334 P(LVID)/PWT (I +
PWT/LVID), where P = left ventricular pressure, LVID
= left ventricular internal dimension and PWT = posterior
wall thickness (1,3,6,10).
Two-dimensional echocardiography. Two-dimen-
sional echocardiograms were obtained using a commercially
available phased array echocardiograph and 2.25 MHz
transducers. Left ventricular short-axis images were re-
corded for measurement at the high papillary muscle level,
when simultaneous visualization of the entire left ventricular
perimeter was optimal. Subjects whose endocardium could
not be seen around the entire ventricular cavity were ex-
cluded from study. Three to five cardiac cycles were selected
for analysis at end-diastole (R wave peak) and end-systole
(time of smallest cavity area). Left ventricular endocardium,
epicardium and the right side of the interventricular septum
were traced from a video monitor onto clear plastic overlays
with a fine felt tip pen. Three to five left ventricular long-
axis images were recorded and traced from the apical four
chamber view for measurement of left ventricular length at
end-systole. Length was measured from the midpoint of the
mitral anulus to the apical endocardium.
Calibrated tracings were digitized on a Hewlett-Packard
9825 microcomputer equipped with a high resolution dig-
itizer to determine total left ventricular area (At) and left
ventricular cavity area (Ac). The protruding portions of the
papillary muscles were arbitrarily assigned to the left ven-
tricular cavity. Myocardial area was determined by sub-
traction (Am = At - Ac). Interobserver variability for
these methods have been previously characterized and shown
to be acceptable (r = 0.98 for total left ventricular area, r
= 0.96 for left ventricular cavity area) (II). Further, this
method of overlay tracing and digitization produced results
nearly identical to direct measurements of area by light pen
(r = 0.98; slope = 0.96, intercept = 1.96 crrr').
Because we have previously demonstrated that two-di-
mensional images overestimate myocardial area (Am) and
underestimate cavity area (Ac) in a predictable, instrument-
specific fashion (11-13), results were regression corrected
to provide accurate absolute values for cavity area and myo-
cardial area.
To permit comparison of M-mode and two-dimensional
data more directly we calculated two-dimensional left ven-
tricular interval dimension (LVID) = 2YAcl7r and two-
dimensional mean wall thickness as YAtI'lT' - YAcl'lT'.
Percent shortening was calculated as
20 LVlDd - 20 LVIDs
-------- x 100.
20 LVlDd
where LVIDd and LVIDs = left ventricular internal di-
mension at end-diastole and end-systole. respectively.
Two-dimensional end-systolic meridional stress was cal-
culated as
if m = 1.33 P Am/Ae x 10' dynes/em",
where P = peak left ventricular pressure. End-systolic cir-
cumferential stress was calculated by the method of Mirsky
(14) as
UI,; =
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group. More importantly, two-dimensional methods de-
tected reduced shortening in aortic stenosis (p < 0.05) but
M-mode methods did not.
Meridional stress. M-mode meridional end-systolic stress
ranged from 32 to 302 x 101 dynes/em? in the study pop-
ulation, and two-dimensional meridional stress from 68 to
400 x 10' dynes/em". The regression equation relating the
two was two-dimensional stress = 2.52 + 1.43 M-mode
stress, with a correlation coefficientof 0.71 (Fig. IB). Thus,
M-mode and two-dimensional meridional stress values cor-
related only moderately well, with M-mode values being
systematically lower than those obtained using two-dimen-
sional echography.
To determine the source of disagreement between M-
mode and two-dimensional meridional stress, we compared
M-mode and two dimensional measures of wall thickness.
In contrast to cavity diameter, M-mode posterior wall thick-
ness correlated poorly with mean two-dimensional wall
thickness and was larger at both end-diastole and end-sys-
tole. The regression equations relating the two echocardio-
graphic methods had slopes of 0.39 at end-diastole and 0.61
Figure 1. A, Relation between fractional shortening obtained by
M-mode and two-dimensional (20) echocardiographic methods for
all subjects. The regression equation is: two-dimensional short-
ening = 0.85 (M-mode shortening) + 9.28. B, Relation between
meridional stress obtained by M-mode and two-dimensional echo-
cardiographic methods for all subjects. The regression equations:
two-dimensional stress = 1.43 (M-mode stress) + 2.52. The units
for both stress calculations are x 10' dynes/em". AR = aortic
regurgitation; AS = aortic stenosis; CCM = congestive cardio-
myopathy; NL = normal.
where P = peak left ventricular pressure and L = left
ventricular long-axis length.
Pressure measurements. Peak left ventricular pressure
was estimated by systolic cuff pressure in patients without
aortic stenosis and measured by standard methods at cardiac
catheterization in patients with aortic stenosis. We (15) have
previously demonstrated excellent correlations between es-
timates of end-systolic left ventricular pressure and wall
stress based on peak cuff or sphygmomanometer pressure
and those based on high fidelity invasive end-systolic pres-
sure (r = 0.89 for pressure, r = 0.97 for stress). Because
pressure determination was identical for both M-mode and
two-dimensional echocardiograms, any possible error should
not affect comparison of the two methods.
Statistical methods. Relations between M-mode and
two-dimensional echocardiographic results were examined
using least squares linear regression and paired t testing and
comparison of subject groups by diagnosis was performed
by analysis of variance (16).
Results
Systolic shortening. M-mode left ventricular percent
systolic shortening ranged from I to 37%; two-dimen-
sionally derived values ranged from 2 to 58%. The regres-
sion equation relating the two was two-dimensional short-
ening = 9.28 + 0.85 M-mode shortening, with a correlation
coefficient of r = 0.81 (Fig. IA). Thus, M-mode mea-
surement of shortening yielded higher values and correlated
moderately with two-dimensional measures of shortening.
To further examine the two methods, we compared M-mode
and two dimensional measures of chamber diameter. Left
ventricular cavity dimensions by M-mode and two-dimen-
sional methods correlated well at both end-diastole and end-
systole with regression slopes of 1.01 and 1.06 and corre-
Jation coefficients of 0.89 and 0.92, respectively.
Comparison ofM-mode and two-dimensional shortening
by diagnostic groups revealed disease-specific differences
between the two methods (Fig. 2). Values for percent sys-
tolic shortening by M-mode methods were: normal 34 ±
5%; aortic stenosis 34 ± 5%; aortic regurgitation 31 ±
7%; congestive cardiomyopathy 12 ± 7%. Using two-di-
mensional echographic-derived percent change in diameter,
patient group values were: normal 30 ± 5%; aortic stenosis
24 ± 5%; aortic regurgitation 25 ± 7%; congestive car-
diomyopathy 8 ± 5%. Percent systolic shortening by two-
dimensional methods was lower than by M-mode methods
in each of the patient groups, with significance levels of
probability (p) < 0.05 in the normal group and p < 0.01
in the congestive cardiomyopathy, aortic stenosis and aortic
regurgitation groups. The discrepancy between the two
methods was examined by comparing the ratio of M-mode
to two-dimensional results and found to be greater for
congestive cardiomyopathy (p < 0.05) than for any other
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Figure 2. Systolic shortening by patient groups comparing M-
mode (open bars) and two-dimensional (hatched bars) results.
AR = aortic regurgitation; AS = aortic stenosis; CCM = conges-
tive cardiomyopathy; NL = normal.
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Figure 3. M-mode meridional stress, (open bars), and two-di-
mensional meridional (hatched bars) and two-dimensional cir-
cumferential (cross-hatched bars)stresses by patient groups com-
paring M-mode and two-dimensional results. Abbreviations as in
Figure 2.
or normal groups (p < 0.01). The ratio of short- to long-
axis lengths ranged from 1.0 to 3,2, Average ratios by
diagnosis were: normal 2.2 ± 0.3; aortic stenosis 2.2 ±
0.5; aortic regurgitation 1.9 ± 0.3; congestive cardio-
myopathy 1.4 ± 0.3. The ratio of long-to short-axislengths
was higher in the normal and aortic stenosis groups indi-
cating a more ellipsoidal left ventricular shape, than in the
aortic regurgitation group (p < 0.05 versus normal) or the
congestive cardiomyopathy group (p < 0.01 versus all
groups). The volume-overloaded and cardiomyopathic hearts
had a more spherical left ventricularshape, as well as larger
chambers.
Circumferential end-systolic stress ranged from 174 to
573 X 103 dynes/em? (Fig. 3). Analysis of circumferential
stress by patient groups showed average values to be 213
± 29 x 103 dynes/em? in normal, 302 ± 65 in aortic
stenosis, 268 ± 24 in aortic regurgitation and 413 ± 102
in congestive cardiomyopathy groups. Again the value in
congestive cardiomyopathy was higher than in other groups
(p < 0.01); however, stress was also significantly higher in
the aortic stenosis than the normal group (p < 0.01). This
finding of increasedcircumferential stress in aortic stenosis
confirms the trend toward higher stress noted by two-di-
mensional methods of calculating meridional stress. To-
gether, the two-dimensional data suggest that the reduced
two-dimensional echocardiographic shortening is likelydue
to afterload excess and not impaired myocardial function.
The differences between M-mode and two-dimensional
assessment of ventricular function in aortic stenosis is em-
phasized by plotting stress against shortening (Fig. 4). Use
of M-mode shortening and meridional stress (open square
in Fig. 4) makes the aortic stenosis group indistinguishable
from the normal group. In contrast, use of two-dimensional
shortening and circumferential stress (closed square), the
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at end-systole with correlation coefficients of only 0.37 and
0.57, respectively.
Comparison ofstress calculations by subjects' diagnostic
groups revealed an average value of M-mode meridional
end-systolic stress in the normal group of 73 ± 21 X 103
dynes/em". In contrast, average values were 78 ± 25 in
aortic stenosis, 97 ± 37 in aortic regurgitation and 136 ±
39 in congestive cardiomyopathy (Fig. 3). Only the conges-
tive cardiomyopathy group differed significantly from the
other patient groups (p < 0.01). The average values for
two-dimensional meridional stress were: normal 86 ± 16
x 103 dynes/em"; aortic stenosis 110 ± 25; aortic regur-
gitation 120 ± 43; congestive cardiomyopathy 252 ± 78
(Fig. 3). Only the congestivecardiomyopathy groupdiffered
significantly (p < 0.0 I) from other patientgroups, although
a trend toward higher wall stress in aortic stenosisand aortic
regurgitation was noted. Further, the trend toward higher
wall stress in aortic stenosis was noted only by two-dimen-
sional methods. Although M-mode stress was lower in all
patient groups because of larger measured wall thickness,
the differences between the two methods, expressed as the
ratio of two-dimensionaIlM-mode meridional stress, were
more marked in the congestive cardiomyopathy group (p <
0.01) than in any other groups.
Chamber shape and circumferential stress. Two-di-
mensionalechocardiography permits direct measurement of
left ventricular length and assessment of left ventricular
shape by comparison of long- and short-axis dimensions.
End-systolic left ventricular length ranged from 4.8 to 11.5
ern, whereasend-systolic short-axisdimension ranged from
2.6 to 9. I em by two-dimensional echocardiography. Mean
long-axis lengths by diagnosis groups were: normal 7.4 ±
I.a em; aortic stenosis 7.3 ± I. I; aortic regurgitation 9.a
± 1.2; congestive cardiomyopathy 9.5 ± 1.1; there were
significantly longer lengths in aortic regurgitation and
congestive cardiomyopathy groups than in aortic stenosis
lA CC Vol. 9. No.4
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Figure4. Relation between systolic stress and shortening fraction
for M-mode and two-dimensional results in each patient group.
Open symbols showM-mode data, plotting meridional stress against
shortening . Closed symbols show two-dimensional data, plotting
circumferential stressagainst shortening. The difference inthe two
methods is especially marked in patients with aortic stenosis (A S)
and cardiomyopathy (CM). Cross bars represent standard error.
Other abbreviations as in Figure 2.
physiologically correct comparison, shows increased stress
and reduced shortening. Although not shown. comparison
of two-dimensional and M-modemeasures of the same vari-
ables. meridional stress and shortening, reveals a trend to-
ward lower shortening and higher stress which reaches sig-
nificance when circumferential stress is used.
The differences in chamber shape noted among subjec t
groups were closely paralleled by differences in the ratios
of circumfe rential to meridional stresses . The ratios of or-
thogonal stresses were: normal group 2.57 ± 0.33; aortic
stenosis group 2.70 ± 0.34; aortic regurgitation group 2.31
± 0.23; congestive cardiomyopathy group 1.71 ± 0.21.
The two stresses were more nearly equal in congestive car-
diomyopathy than in all other groups (p < 0.0 I) and in
aortic regurgitation than in either the normal or aortic ste-
nosis groups (p < 0.05). Thus, as expected, the morespher-
ical hearts had stress ratios closer to I . Because circumfer-
ential stress is the more important load, consideration of
meridional stress alone would lead to an overestimation of
afterload.
Effects of age. Because normal subjects could not be
age matched to all patient groups, we examined the effects
of age on our results in normal subjects. No systematic
relation between age and either M-mode or two-dimensional
echocardiographic stress or shortening determination were
found in normal subjects. Similarly, the relation between
data obtained using the two techniques were unaffected by
subject age.
Discussion
The present study examines two echocardiographic tech-
niques used for the evaluation of left ventricular shortening
and wall stress. These variables vary markedly in different
types of cardiovascular disease and both alone and together
have been proposed as measures of ventricular function ,
useful for diagnostic and prognostic determinations
(1- 4,6- 10). Left ventricular size and shape are known to
be important considerations in the assessment of systolic
function (4,6, 17- 19), and may in themselves alter results
of stress and shortening calculations. Thus, the accuracy
and completeness with which left ventricular geometry is
defined may substantially affect determinations of function.
Echocardiography is currently the most widely accepted
noninvasive tool used for assessmentof left ventricularwall
thickness and chamber size, with M-mode methods con-
ventionally used for assessment of wall stress. Recently, we
have described methods by which both meridional and cir-
cumferential stresses may be measured using two-dimen-
sional echocardiography ( 10). Therefore, we sought to ana-
lyze the results obtained by the two methods to evaluate the
assessment of ventricular function obtained by M-modeand
two-dimensional echocardiographic techniques.
Comparison of M-mode and two-dimensional echo-
cardiographic results. We found thatdescriptions of chamber
architecture, as well as fractional shortening and wall stress
by these two methods, differ systematically in a complex,
disease-related pattern. M-mode data resulted in consistently
higher values for shortening, but lower values for meridional
stress than did two-dimensional methods. The two methods
correlated somewhat better for shortening than for stress.
The failure of M-mode recording to detect reduced short-
ening in patients with aortic stenosis is of special concern.
Perhaps the greatest difference between M-mode and
two-dimensional methods is the ability to measure long-axis
length. Because shape is known to be variably altered in
cardiac disease states, (4,6,17 ) it cannot be determined by
a fi xed long- or short-axis ratio. Further, if shortening or
end-systolic size and load are to be interrelated, it is im-
portant to consider the force acting on the plane in which
shortening or size is observed. Because circumferential stress
occurs in the same plane as minor axis dimension and short-
ening, it is the appropriate load to consider in the stress-
shortening or stress-dimension relation. In addition to being
physiologically correct, use of circumferential stress may
yield a different picture of ventricular function than does
meridional stress. For example, in a group of patients with
dilated cardiomyopathy, Laskey et al. (6) noted no slope
change from normal in the meridional stress- end-systolic
dimension relation, whereas the circumferential stress-
dimension relation demonstrated a reduced slope, suggest-
ing impaired contractility.
Differences between M-mode and two-dimensional re-
sults are quite striking in the patients with cardiomyopathy.
Use of M-mode data to construct a meridional stress-short-
ening relation would imply greater myocardial dysfunction
and a lesser componentof afterload excess than wouldcon-
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structing a circumferential stress-shortening relation. Thus,
two-dimensional data provide an important rationale for af-
terload reduction in congestive cardiomyopathy: to the ex-
tent that pump function is depressed by excess load, re-
duction of that load will improve ventricular performance.
The two echocardiographic methods also resulted in quite
different pictures of ventricular function in aortic stenosis.
M-mode meridional stress and shortening were normal,
whereas two-dimensional shortening was reduced, two-di-
mensional meridional stress tended to be higher and cir-
cumferential stress was clearly elevated. This combination
implies afterload excess, or depression of pump function
due to abnormal loading conditions, rather than impaired
intrinsic myocardial performance. Others (7,8) have doc-
umented afterload excess in aortic stenosis, and found that
it provides a powerful argument to proceed with valve re-
placement despite clinical heart failure.
Limitations of M-mode and two-dimensional echo-
cardiographic methods. Although no absolute reference
standard is available to determine the more reliable tech-
nique, each echocardiographic method has important limi-
tations. M-mode data are derived from a single dimensional
sampling of the left ventricle, and septal measurements are
generally excluded from consideration (20). In addition,
unlike the majority of echocardiograms in the present study,
many previous reports have used stand-alone M-mode in-
strumentation, which may fail to recognize oblique views.
However accepted in published data, these characteristics
make M-mode echocardiography extremely sensitive to small
errors in transducer angulation or endocardial identification.
Such small errors are magnified by stress equations which
include calculation of relative wall thickness. In contrast,
the two-dimensional echocardiogram provides more accu-
rate spatial orientation and extensive cross-sectional sam-
pling with determination of dimensional information around
the entire left ventricle border. Chance errors are more likely
to be canceled out and true regional variability more likely
to be accurately incorporated.
Wall thickness. We (21) and others (22) have demon-
strated significant heterogeneity of wall thickness in both
normal and cardiac disease states, such that the ventricular
wall progressively thins from base to apex. Because M-
mode information is recorded more basally than two-di-
mensional information, one might expect a discrepancy be-
tween M-mode and two-dimensional data, with greater wall
thickness measured by the M-mode method. Indeed, we
found wall thickness to be larger by the M-mode method.
Whereas the present study employed anatomically vali-
dated regression equations for correction of known system-
atic error in two-dimensional measurements (11,13), no
equivalent corrective technique is available for M-mode
methods. Instead, conventional measures of posterior wall
thickness provide less accurate estimation of anatomic mass
than two-dimensional measures (13,23). Further, because
cavity measures are similar, the differences between M-
mode and two-dimensional wall thickness measures are
probably due to differences between the two techniques and
not to the two-dimensional regression correction.
Chamber dimensions. Like measurement of wall thick-
ness, two-dimensional measures of chamber dimensions are
also found to better predict anatomic information (12,13).
Further, two-dimensional left ventricular dimensions and
shortening correlate more closely with ventriculographic
volume and ejection fraction estimates than do M-mode data
(24), which have been found by others to overestimate an-
giographic data, much as the M-mode data overestimated
two-dimensional fractional shortening in the present study.
Two-dimensional echocardiography also has some rec-
ognized inherent limitations (25). Extreme lateral "drop-
out" due to structures being parallel to the ultrasound beam
may occur, although far more of the left ventricular perim-
eter is routinely visualized than by the M-mode technique,
and therefore can be included in shortening and stress cal-
culations. Because of the lower frequency frame rate and
real-time display, quantitative analysis of two-dimensional
echocardiograms may be difficult and tedious. However,
any resultant errors have been shown in vivo to be corrected
by the anatomically validated regression techniques used in
the present study (13).
Conclusion. The marked disease-related variability in
left ventricular size, shape, shortening and wall stresses
appear to be reflected differently by M-mode and two-di-
mensional echocardiographic techniques. The ability of two-
dimensional echocardiography to accurately detect and
quantitate changes in cavity shape, assess the appropriate
measure of afterload and calculate the relation of orthogonal
stresses appears to have a direct impact on the determination
of ventricular function in both aortic stenosis and congestive
cardiomyopathy. Two-dimensional methods appear pref-
erable for noninvasive determinations of left ventricular stress
and shortening.
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